Invasive carcinoma of the vulva is a rare disease that accounts for approximately 4% of all gynecologic cancers [1]. In Western countries, the average annual age-adjusted incidence of invasive vulvar carcinoma is 1.2 cases per 100,000 women [2]. Approximately 75% of patients diagnosed with invasive vulvar cancer are 60 years of age and older, with a peak incidence of 20 cases per 100,000 women older than 70 years of age [3][4][5].
INTRODUCTION
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respectively [7] . Radiation therapy alone does not seem to be curative for patients with large vulvar lesions. Conversely, surgical treatment for such advanced cases often requires exenterative procedures with considerable associated morbidity and high incidence of failures. The 5-year survival rate after pelvic exenteration, including urinary diversion and/or colostomy, has been reported to be less than 50%, even in properly selected cases, with a perioperative mortality rate of about 10% and no long-term survivors among patients with positive nodes [8, 9] . Therefore, in order to reduce the need for pelvic exenteration, multi-modality treatments, such as chemoradiotherapy plus surgery or neoadjuvant chemotherapy (NACT) followed by surgery, have been explored [10] [11] [12] .
Although neoadjuvant concurrent chemoradiation offers a chance of cure, it is often associated with high morbidity. Therefore, significant efforts have been spent on determining the optimal chemotherapy combination [13] [14] [15] .
In comparison to concurrent chemoradiation, NACT offers the advantages of local morbidity reduction and treatment of occult or distant diseases. Moreover, it can be part of the therapeutic armamentarium even in cases where radiation therapy is not available. Despite historical belief that vulvar cancer is not chemosensitive, previous studies have shown promising results. However, the most effective chemotherapeutic regimen remains unknown. Since the late nineties, new regimens such as the paclitaxel, ifosfamide, and cisplatin (TIP) combination, and paclitaxel-cisplatin (TP) therapy have been investigated as the neoadjuvant treatment for advanced squamous cervical cancer with promising response rates ranging from 46% to 66.6%) [16] [17] [18] . Such results were subsequently confirmed by two randomized trials [19, 20] .
To the best of our knowledge, the above-mentioned regimens have not been tested in vulvar cancer. Therefore, the present prospective single-institution clinical study aimed to evaluate the tumor response rate, toxicity, and disease resectability after NACT with TP or TIP in locally advanced carcinoma of the vulva.
MATERIALS AND METHODS
The present study was approved by the Institutional Review Board of the National Cancer Institute in Milan, and all patients provided written informed consent.
Female patients with locally advanced vulvar cancer were prospectively enrolled. The inclusion criteria were: (1) histologically confirmed locally advanced squamous cell carcinoma of the vulva that was not suitable for surgery as the first-line treatment (stages bulky T2 or T3, N0-2, M0-1 [only pelvic nodes] according to the 1994 tumor-node-metastasis classification), and otherwise only eligible for exenterative surgery; and (2) measurable or evaluable disease. Additionally, patients had to be older than 18 years of age, have World Health Organization performance status of 0-2, life expectancy of >3 months, adequate bone marrow reserve (white blood cell count of >4,000/mm 3 , platelet count of >150,000/mm 3 ), adequate liver and renal function (bilirubin concentration of ≤1.5 mg/dL, creatinine clearance of >60 mL/min), and no previous treatment to enroll. Otherwise, the study excluded patients with previous chemotherapy or radiotherapy, metastatic disease, impossibility of adequate follow-up, other malignancy except adequately treated basal cell skin cancer or carcinoma in situ of the cervix, impaired renal (creatinine clearance of <50 mL/min) or liver function (bilirubin concentration of >1.5 mg/dL), and active infection that would impair their ability to receive the treatment protocol.
Chemotherapy regimens
For TIP, on day 1, paclitaxel was given intravenously (IV) at 175 mg/m 2 in a 3-hour infusion, whereas cisplatin was also administered IV at 50 mg/m 2 . On day 2, ifosfamide at 5 g/m 2 and mesna also at 5 g/m 2 were infused IV in 2 liters of normal saline solution over a 24-hour period. On completion of such infusion, additional mesna at 2 g/m 2 was administered IV in 1 liter of normal saline in a 24-hour infusion. For TP, on the same day, paclitaxel was given IV at 175 mg/ m 2 in a 3-hour infusion, whereas cisplatin was also administered IV at 70 mg/m 2 with pre-and postinfusion hydration.
NACT consisted of at least 2 courses, which was repeated every 3 weeks if the patient's granulocyte count was >1,500/ mm 3 , and platelet count was >100,000/mm 3 on the treatment scheduled day. Otherwise, treatment was delayed for 1 week. Blood cell counts were performed weekly. One additional cycle of preoperative chemotherapy was given to responders after patient response assessment. The present study was a non-randomized trial, and the choice of TP or TIP was at the attending physician's discretion, based on each patient's condition. The physician's aim was to avoid ifosfamide administration in older women of >70 years of age or in younger patients with severe comorbidities. Similar to cervical cancer, the number of planned chemotherapy courses was three [19, 20] in order to achieve tumor shrinkage while avoiding excessive toxicity and tumor resistance to drugs.
Response assessment
Response assessment was determined according to the 24 www.ejgo.org response criteria in solid tumors (RECIST, ver. 1.0) [21] . Local response was monitored via clinical evaluation with lesion measurements and photographs (taken at baseline and after 3 chemotherapy courses) (Fig. 1) . Response was then evaluated by comparing the calculated tumor areas, obtained from the measurements of two largest diameters of the lesions, before and after treatment. A complete response (CR) was recorded when a lesion completely disappeared, whereas a partial response (PR) was when a tumor decreased at least 30% of its original size. Progressive disease (PD) was considered when a lesion increased more than 20% of its original size, and stable disease (SD) was when changes occurring between PR and PD were observed. Exclusion of metastatic disease was determined by using chest radiographs and abdominal-pelvic computed tomography (CT) at baseline and at the conclusion of treatment. Cystoscopy and proctoscopy were performed in cases of suspected bladder or rectal involvement.
Three weeks from the end of the second cycle, patients were clinically re-evaluated for therapeutic responses. Primary tumor (T) and inguinal node (N) clinical responses were investigated separately. Regardless of the N response, complete and partial T responders received one additional cycle of chemotherapy and subsequently underwent radical surgery. Patients showing minimal response or SD after the 2 nd course were reconsidered for immediate radical surgery, while those with PD were submitted to radiotherapy on an individual basis.
Surgery
The surgical approach in this study consisted of radical partial vulvectomy or radical local excision with a tumor-free margin of at least 2 cm in bilateral radical inguinal lymph node dissection [22] . Lymphadenectomy included the removal of all nodes superficial to the cribriform fascia and lateral to the femoral vein. Such dissection and node extirpation con-tinued deep to the adductor longus muscle and medial to the femoral vein. Attempt was made to preserve the saphenous vein. In cases of bulky nodes, dissection of the obturator, external iliac, and caudal part of the common iliac lymph node chains were included as part of the pelvic lymphadenectomy procedure. Closed suction drains were placed in each groin incision and removed when the total output was less than 80-100 mL per 24 hours. All above-mentioned procedures were performed by the same surgeons.
Toxicity assessment
Toxicity was evaluated according to the National Cancer Institute Common Toxicity Criteria version 2.0 [23] .
RESULTS
Between November 2002 and April 2009, 10 patients with locally advanced vulvar cancer were treated. The patients' median age was 70 years (range, 47-78 years). Patient characteristics and outcomes are shown in Table 1 . Six women had clinical FIGO stage III disease, 3 had stage IVA tumors, and 1 had a stage IVB cancer. Two cases were of grade 1, 6 of grade 2, and 2 of grade 3. Eight patients were clinically suspected for unilateral or bilateral inguinal node metastasis, and 6 were subsequently confirmed by performing CT scans. Cytological and/or histological evaluation of suspicious groin nodes (cN1-N2) was not performed before treatment.
All but one patient received 3 courses of TIP (n=4) or TP (n=5). The initially scheduled TP was modified by suspending paclitaxel at the second course in 1 patient due to toxicity. Eight clinical objective responses were observed (3 CR and 5 PR). One case showed SD, whereas the remaining 1 patient had PD and was submitted to chemoradiation after two cycles of TP. That patient experienced distant metastases 
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during chemoradiation treatment and died of the disease 2 months later. Overall, 9 patients underwent radical surgery (8 radical local excision and 1 radical partial vulvectomy) with bilateral inguino-femoral lymphadenectomy after NACT. Pelvic lymphadenectomy was performed in 1 patient because of the observation of suspected iliac node metastasis on CT scans; however, the node was pathologically negative for malignancy.
Pathological responses included 1 case with CR, 2 with persistent carcinoma in situ, and 6 invasive cancer cases with tumor shrinkage of more than 50% from the initial diagnosis. Negative margins were achieved in 6 out of 9 patients (67%). Four patients had positive nodes. Five received adjuvant postoperative treatment, including 4 with radiation therapy, and 1 with 3 additional courses of TIP, due to positive resection margins. One patient with a positive anal margin refused any further treatment. Chemotherapy-related toxicities included grade 3-4 neutropenia (40%), particularly in patients receiving TIP, which was managed with granulocyte colony-stimulating factor (G-CSF), grade 2 alopecia (100%), and neurologic toxicity (10%) requiring paclitaxel dose reduction ( Table 2) .
After surgery, 1 patient experienced grade 2 partial vulvar wound dehiscence, and 1 had grade 1 vulvar incisional separation. Neither of them required surgical reintervention. Seven out of 9 operated patients had disease recurrence, with a median progression-free survival (PFS) from surgery of 14 months (range, 5-44 months), whereas 1 patient was diagnosed with a second neoplasia (recto-anal) 46 months after surgery. All recurrences but one were local. Three of them were treated with salvage surgery, whereas the other 3 received radiation therapy with or without chemotherapy. AF, atrial fibrillation; CHT, chemotherapy; CR, complete response; DM, diabetes mellitus; DOD, dead of disease; DVT, deep vein thrombosis; FIGO, International Federation of Gynecology and Obstetrics; MI, myocardial infarction; NACT, neoadjuvant chemotherapy; NED, no evidence of disease; N+/N total, number of positive nodes over number of total removed nodes; OS, overall survival; PD, progressive disesase; PFS, progression free survival; pN, pathological nodes; PR, partial response; RT, radiotherapy; SD, stable disease; TIP, paclitaxel-ifosfamide-cisplatin; TNM, tumor node metastasis; TP, paclitaxel-cisplatin; UC, ulcerative colitis. 
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All long-term toxicities were of mild intensity (grade 1), inclu ding1 lymphocyst in the patient who underwent pelvic lympha denectomy, and 2 cases of lymphedema in the lower extremities. During a median follow-up period of 40 months (range, 5-112 months), 4 patients died of PD. To date, 1 woman survives with active recto-anal carcinoma, and 5 are alive without any evidence of disease.
DISCUSSION
Advanced vulvar cancer patients treated with NACT were able to undergo a less destructive surgery, suggesting that NACT was a promising therapeutic option with an improved quality of life. Although the enrolled patients achieved very good responses, the therapy-related mortality rate of this study still ranged from 5% to 13%.
In 2006, a Cochrane meta-analysis [24] showed that patients with inoperable primary tumors or lymph node metastases could benefit from chemoradiation if followed by surgery as chemoradiotherapy reduced the tumor size and thus improved operability. Wound breakdown, infection, necrosis, lymphedema, lymphorrhea, and lymphocele were very common side effects of such combinatorial treatment. In 4 previous studies, operability was achieved in 63 to 92% of cases with 5-fluorouracil and cisplatin or 5-fluorouracil and mitomycin C. In contrast, only 20% of the patients receiving bleomycin were operable after chemoradiation. After a follow-up period of 5 to 125 months, 26% to 63% of participants were alive and well. However, significant complications were observed with such treatment. A total of 27% to 85% of participants died due to treatment related causes or disease. Previous experience at our institution [12] also confirmed these results when Lupi et al. evaluated the efficacy of concurrent chemoradiation followed by surgery in 31 patients with locally advanced vulvar cancer. Chemotherapy with 2 courses of mitomycin C and 5-fluorouracil and concomitant radiotherapy (44 Gy) to the vulva and inguinal-pelvic lymph nodes resulted in objective responses in 22 of 24 primary cases (91.6%), and 7 of 7 recurrent cases (100%). Five of 9 patients (55%) with biopsy-proven inguinal lymph node metastases showed no residual groin disease in the surgical specimens. However, postoperative morbidity rate was quite high at 65% (19 of 29 patients), and mortality rate was 13.8% (4 of 29 patients). The high incidence of necrosis and surgical wound breakdown could be attributed to the microvascularization impairment resulting from radiotherapy, which was subsequently worsened by the surgical procedure. The recurrence rate in that study was 31.8%, and the median follow-up time was 34 months.
More recently, Moore et al. [25] studied 58 patients with locally advanced vulvar cancer treated with chemoradiation (weekly cisplatin plus 57.6 Gy of radiation) to determine the pathologic CR rate. A clinical CR was obtained in 64% of cases with a pathologic CR in 50%. However 18 out of 58 of patients (31%) did not completed the planned treatment, primarily due to treatment related toxicities (9 patients). One treatment related death was reported. After a median follow-up period of 25 months, 31 women (53%) were alive with no evidence of disease. Surgical treatment was not standardized. No data were reported on surgery-related complications after chemoradiation or longterm sequelae of radiation therapy. The authors concluded with a caution in treating elderly women, owing to radiation related complications, and advocated the inclusion of quality of life criteria in future trials.
Since 1990 [26] , NACT in advanced vulvar cancer has been investigated in several studies, using different chemotherapy regimens to avoid aggressive and mutilating surgery in patients often of an old age and with several comorbidities. Additionally, since the 1980s, several cisplatin-containing regimens have been considered effective in advanced or recurrent squamous cell carcinomas, and have demonstrated promising results when administered as the neoadjuvant chemotherapy in locally advanced epidermoid head and neck or cervical cancer. Benedetti-Panici et al. [27] conducted a study in which 21 patients with advanced squamous cell carcinoma of the vulva (FIGO stage IVA) received 2 or 3 cycles of cisplatin, bleomycin, and methotrexate (PBM) followed by radical surgery in operable patients. Two patients (10%) had a PR in the T, and 14 patients (67%) had a complete or PR in the inguinal N. The operability rate following NACT was 90% with a pathologic downstaging rate of 33%, but surgical procedures remained intensive in 79% of cases. The combination of NACT and radical surgery had an acceptable morbidity, but the therapeutic results were less encouraging than expected, with a 3-year survival of 24%. The authors concluded that NACT with PBM did not seem to add any substantial benefit to surgery alone in this subset of patients with extremely advanced disease. Furthermore, Wagenaar et al. [28] reported on 25 patients with locally advanced vulvar carcinoma, or recurrent disease (after incomplete resection) who received NACT with bleomycin, methotrexate, and lomustine (BMC) followed by radical surgery. Two CR cases and 12 PR cases were observed, resulting in a response rate of 56%. The BMC regimen was associated with major hematological side effects and mild signs of bleomycin-related pulmonary toxicity. At a median follow-up period of 8 months, 3 patients were alive, whereas 18 patients died due to malignant disease, 2 due to toxicity, and 2 due to other diseases and unknown causes.
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The median PFS was 4.8 months, and the median survival was 7.8 months. The 1-year survival rate was 32%. More recently, the Indiananths. The 1-yeconfirmed the efficacy of cisplatin with or without 5-fluorouracil as preoperative treatment in advanced disease [29] , reporting a 90% response rate in 14 cases with long-term survivors in the combination arm (mean, 79 months).
In vivo use of paclitaxel administered weekly or every three weeks in vulvar cancer has been published in two previous studies [30, 31] . The response rate varied from 14% to 83% in an NACT setting. As exciting results have been obtained with the use of paclitaxel-cisplatin in other locally advanced squamous cancers, such as head and neck and cervix, researchers were motivated to test the regimen in vulvar cancer, in order to limit radiotherapy to only cases with a valid requirement for local control. Recently published data by Aragona et al. [32] reported a 83% PR rate in 12 naive locally advanced vulvar cancer patients.
The TIP and TP schedules tested in cervical cancer and used in this study were also feasible in older patients. The results obtained in our investigation were relatively more positive than previous reports in the literature. In our study, 89% of cases became resectable. All but one T3 operated lesions achieved free margins without any stoma creation; even in cases of tumors at less than 1 cm from the anal margin, no stoma was required after NACT plus surgery. Negative margins were achieved in 67% of cases even with only radical local excisions, thus 2/3 of patients were able to avoid an extensive surgical procedure. No extensive reconstructive surgery, besides 2 cases of V-Y flap, was required for vulvar reconstruction. Finally, 45% of patients had clinical responses in nodes. Recurrences occurred in 77% of patients, who were rescued through surgery or radiation therapy. In more details, all 3 patients with positive margins experienced a local recurrence regardless of adjuvant treatment, and 2 out of 3 eventually died of the disease, whereas the remaining 4 patients with recurrence had negative margins at surgery, and 3 out of 4 remain alive to date without disease. Overall, 55.5% of all enrolled patients are alive without disease at 40 months after surgery, with 2 long-term survivors after recurrence (at 9 and 5 years). Bone marrow toxicity related to chemotherapy regimens was manageable with G-CSF, even in elderly patients. Consistent with literature reports and personal experience in advanced cases, we did not register any lethal event and morbidity related to surgery.
The main difference between our results and those recently reported by our Belgian colleagues [33] using a twice weekly carboplatin-paclitaxel regimen could be explained by the intensity of treatment schedules and the distinct role of platinum compounds in squamous cancer. Carboplatin seems to be less active than cisplatin in different schedules in head and neck carcinoma [34] , and its combined use with paclitaxel in cervical cancer is still under investigation [35] . Undoubtedly, we experienced a high rate (77%) of local recurrences, even in patients with negative margins, but we also reported a high percentage of surviving patients (55%) with no evidence of disease at a median of 40 months after surgery. Whether chemoradiotherapy is superior in local control remains unknown. The presence of positive margins after NACT and surgery seems detrimental. Therefore, further studies are necessary to evaluate which patient subset would benefit more from a less toxic treatment like NACT plus surgery versus chemoradiotherapy, while considering the quality of life aspects.
In conclusions, the results obtained in our study confirmed that NACT followed by a less aggressive surgery should be considered as a treatment option for locally advanced vulvar cancer.
